Neisseria gonorrhoeae is the causative agent of gonorrhea, one of the most important sexually transmitted diseases. The incidence of gonorrhea is still prevalent and about 50,000 new cases have been reported annually during the late 2000s in Korea. The antimicrobial resistance of N. gonorrhoeae is very prevalent and most isolates are multi-drug resistant to penicillin G, tetracycline, and fluoroquinolones. The incidence of penicillinase-producing N. gonorrhoeae (PPNG) decreased significantly, but high-level tetracycline-resistant N. gonorrhoeae (TRNG) increased recently. The minimum inhibitory concentrations (MICs) of ceftriaxone were within the susceptible range for all isolates, but MIC creep has been apparent and one cefixime-nonsusceptible isolate (0.5 μg/ml) was found. Spectinomycin-resistant isolates remain rare, but caution should be required when dealing with gonococcal pharyngitis.
Moreover, gonorrhea is very problematic in certain patient groups, such as adolescents in youth shelters (8) . The prevalence of gonorrhea among university students was as low as 0.4% (9), but adolescents who had a sexual experience in youth shelters showed very high prevalence of 28% by polymerase chain reaction in 2004 in Korea (8) .
Historically, gonorrhea has been a community-acquired disease and treated empirically at a primary-care hospital, 9 and it has responded well to antimicrobial agents such as penicillin G and fluoroquinolones. However, the emergence of antimicrobial resistance in N. gonorrhoeae has compromised the treatment and control of the disease (10, 11) .
Due to the recent use of molecular diagnostic methods, the routine isolation and susceptibility testing of N. gonorrhoeae are performed rarely; therefore, it is hard to select optimal antibiotics in clinical settings. Therefore, surveillance pro- (20, 21) . In Korea, the first case of PPNG was isolated in the US armed forces personnel, but he had a history of contract with the infection not in Korea but in South-East Asia where PPNG appeared for the first time (22) . The true first case was isolated from 51-yearold housewife in Seoul in 1979, and it was supposed that PPNG occurred within Korea because both the patient and her husband had never traveled abroad (22) Fluoroquinolones, such as ciprofloxacin and ofloxacin, started to be used for gonorrhea in the mid-1980s (27) and was one of the recommended drugs in the 1990s (28) because it had several advantages: it could be used orally in a single dose regimen and was highly concentrated in urine (29~31). However, frequent use of fluoroquinolones resulted in a wide spread of resistance (31, 32) . In Korea, fluoroquinolone susceptibility was as high as 91% in 1992, but it rapidly decreased to 46% in 1996 (12) . With continuous decrease of susceptible isolates, the resistance rate increased from 20% in 1997 (13) to 88% in 2011 in our present study (Fig. 1) , (unpublished data). showed an increasing trend of gonococcal isolates with (55, 61) . The relationship between PBP2 alteration and cephalosporin susceptibility was supported by other studies (58, 61~63) . In direct assays, mosaic PBP2 showed lower affinity with oral cephalosporins including cefixime and cefdinir than that of non-mosaicstructure PBP2, but affinity with ceftriaxone was not affected (61) . In the modeling study, the A501V substitution in PBP2 Antimicrobial Resistance of Neisseria gonorrhoeae Isolated in Korea 13 also induced a conformational alteration of the β-lactambinding pocket such as mosaic PBP2, making a major contribution to the reduced susceptibility to cephalosporin (58, 62, 63) . A recent report on ceftriaxone-resistant N. gonorrhoeae showed that novel PBP2 mosaicism (46) (97.6% similarity with Pattern X) and A501P substitution (47) were also associated with ceftriaxone resistance.
However, the mechanism of reduced susceptibility was not 
Conclusion
In Korea, the antimicrobial resistance of N. gonorrhoeae is very severe and most isolates are multi-drug resistant to penicillin G, tetracycline, and fluoroquinolones. The incidence of PPNG decreased significantly, but the incidence of TRNG increased recently. The MICs of ceftriaxone were within the susceptible range for all isolates, but MIC creep was apparent and one cefixime non-susceptible isolate (0.5 μg/ml) was found. Almost all isolates were susceptible to spectinomycin, but caution should be required when dealing with gonococcal pharyngitis.
